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Abstract 
The present paper reports the effect of film thickness on the structural, optical and electrical properties of vacuum evaporated 
CuIn5S8 thin films annealed in air atmosphere at temperature of 250°C. The thickness of the CuIn5S8 films was varied from 100 
to 900 nm. It was found that  the structural properties, FWHM and grain size degraded with decreasing its thickness, however, 
with increasing the film thickness from 100 to 900 nm, the optical band (Eg) gap decreased from 1.76 to 1.66 eV. Hot probe 
method showed that all the annealed CuIn5S8 samples exhibit n-type conductivity with low resistance values in the range 100 to 
400 Kȍ. The band gap energy of CuIn5S8 thin films can be controlled by varying the thickness of layer and the n-type 
conductivity can be obtained after annealing in air atmosphere. The most significant results of the present study are that the 
thickness of the film can be used to modify the structural, optical and electrical properties of CuIn5S8 thin films. 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of The European Materials Research Society (E-MRS). 
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1. Introduction 
Copper indium sulphide CuIn5S8 is one of two stable phases in the Cu2S-In2S3 system [1-2] and is the only 
compound besides CuInS2 and the end members [3]. This ternary compounds having different application in device 
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technology. They have been used as light emitting diodes, non-linear optical devices, photochemical cell 
applications, photovoltaic solar cells [4], ferro electricity and superconductivity [5,6]. In literature, this ternary 
material has been investigated in some detail by many authors [7,8]. Several investigations about the electrical, 
optical and structural properties of ternary spinel (cubic, Fd3m) CuIn5S8 indicated that this material which had 
attracted considerable attention [9]. Among the reported data, it was mentioned that the ternary semiconductor 
CuIn5S8 has valency disordered spinel structure on the tetrahedral sites and can be written by the general formula 
(Cu1+In3+)t(In43+)OS82-, where the subscript ‘t’ and ‘o’ indicated tetrahedral and octahedral sites, respectively [10]. 
The lattice constant is a = 10, 6736 Å [11]. This material had some interesting properties. For instance, it has an n-
type semiconductor with direct transition [12]. The band gap of CuIn5S8 is near 1.5 eV [7,13] and it was found that 
this ternary material can be used as an absorber material in solar cells. The effect of films thickness and air 
annealing on the properties of CuIn5S8 thin films have never been studied in detail. In the present work, we report 
the synthesis of CuIn5S8 thin films deposited onto unheated glass substrates by thermal deposition technique under 
particular growth conditions. The object is looking for a correlation between the thickness of thin films and n-type 
electrical conversion. However, we want to find the minimum thickness for which the layers are converted into n-
type conductivity. 
2. Experimental procedure 
2.1. Synthesis of CuIn5S8
The CuIn5S8 crystals have been synthesized by the horizontal Bridgman method of high purity (99.999%) 
elemental copper, indium and sulphur. The mixture was sealed under high in vacuum (10-6 Torr) in a quartz tube. 
After, the quartz tube was transferred to a programmable furnace (Nabertherm-Allemagne). For the synthesis, the 
temperature of the furnace was raised to 600°C with a rate of 10°C/h and the temperature was kept constant at 
600°C for 24 h. Then the temperature was increased with the rate 20°C/h up to 1000°C. A complete 
homogenization could be obtained by keeping the melt at this temperature (1000 °C) for about 48 h. Finally, the 
temperature was lowered to 800 °C at a rate of 10 °C/h and the furnace was switched off until the tube reached 
room temperature. The compound that we obtained by this process is black and this form of ingot surface dotted 
with many shiny crystals of small sizes, which will be ground into fine powder for a time of 5 minutes to the used 
as a filler in the evaporator for the development of thin films. 
2.2. Film preparation 
Evaporated thin films were grown from CuIn5S8 powder by vacuum evaporation using resistively heated 
tungsten boats on glass substrates. The substrates were placed directly above the source at a distance of 15 cm. 
Thermal evaporation sources were used to be controlled either by the crucible temperature or by the source 
powder. The pressure during evaporation was maintained at 10-6 Torr. The films were deposited at different 
thickness in the range 100-900 nm. The film thickness was calculated from the positions of the interference 
maxima and minima of reflectance spectra using a standard method [14]. Some of the deposited films were 
subjected to the post air-annealing procedure in the temperature of 250 °C for 2 h. 
2.3. Characterization 
The structural properties were determined by X-ray diffraction (XRD) using a diffractometer Philips PW 3710 
type, CuKĮ1 radiation (Ȝ = 1.5406 Å). X-ray patterns were carried out to determine the lattice parameter (a), the 
phase present and the orientation of the synthesized CuIn5S8 powder and thin films prepared by vacuum deposition 
method. Optical transmittance and reflectance were measured at normal incidence with a UV-visible-NIR 
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Shimadzu 3100S. Hot probe method measurements were carried out in order to determine the conduction type of 
the films. 
3. Experimental procedure 
3.1. Synthesis of CuIn5S8
3.1.1. Structural of CuIn5S8 powder 
In Fig. 1 X-ray diffraction (XRD) patterns of the powder material CuIn5S8 showed that it has a single phase 
of cubic spinel structure and not another phase which exists in the structure, that the orientation is preferred 
according to the lattice plane (311) has the highest intensity. This was verified by JCPDS (Joint Committee on 
Powder Diffraction Standards) data base with card number 72-0956. Two different methods for precise 
determination of lattice constant were used: the conventional crystallographic method and the extrapolation of 
Nelson-Riley method. The corresponding “a” values were estimated by the first and the second methods as 
respectively a = 10.664 Å and a = 10.674 Å. These two methods to get results very close to the theoretical value 
reported in the literature [11]. 
3.1.2. Structural of CuIn5S8 thin films 
Fig. 2 shows the results of our XRD measurements for the different layers prepared from different thicknesses 
and annealed in air atmosphere at temperature of 250°C. As seen in this figure two different types of films could be 
distinguished. The first one, the thin layers CuIn5S8 having the smallest thickness (109 nm), the films are 
amorphous and no phases are detected. In the second one, The thin layers CuIn5S8 developed from a thickness 
137 nm, the films showed only one diffraction peak in the (311) reflection according to the angular positions at 
(2ș = 27.685°) and does not contain extra reflections corresponding to the elements, which confirms the 
homogeneity of the CuIn5S8 cubic spinel phases. The (311) orientation is found to be predominant for all the 
composition with an increase of its intensity when the film thickness increases. It is interesting to note that after 
annealing, no secondary phases appeared, in particular the oxide phases such as for example CuO, In2O3 and SbO2. 
        
   Fig. 1. X-ray diffraction pattern of the CuIn5S8 powder.    Fig. 2. X-ray diffraction patterns of CuIn5S8 thin films with various thicknesses. 
The effect of the air thermal annealing on the grain sizes was also studied. So, the grain size using the 
relationship between crystal grain size and X-ray line broadening, as described by Scherrer’s equation [15]: 
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Where D: average crystallite dimension, Ȝ: wavelength in angstroms, ș: Bragg angle and ȕ is the value of the full-
width at half-maximum (FWHM) of the (311) peak. The average grain sizes of the layers were evaluated to be in 
the range 40-81 nm for the samples using the 311 diffraction line of the CuIn5S8 compound. The behavior of the 
grain size D and the full-width versus the film thicknesses for the most prominent (311) peak of CuIn5S8 is shown 
in Fig.3. It can be clearly depicted from this figure that the variation of the crystallite size is the inverse of the full-
width at half maximum of the main (311) peak. Indeed, the crystallite size increases with increasing in the film 
thickness.  
Fig. 3. Variation of the FWHM and grain size vs thickness of CuIn5S8 thin films with various thicknesses. 
3.2. Optical properties 
3.2.1. Optical transmission and reflection spectra 
Figs.4 and 5 show the optical transmission (T) and reflection (R) spectra of CuIn5S8 thin films, in wavelength 
range 300-1800 nm at normal incidence using UV-vis spectrophotometer, developed from various thicknesses after 
annealing. It is clear from Fig.4 that the transmission spectrums show interference fringes with a sharp fall at the 
band edge in the region of 800-1800 nm for the CuIn5S8 films, which is an indication of good crystallinity. As it 
can be seen from fig.4 that there is an increase of the oscillation number with an increase of the thicknesses which 
makes the films more homogenous. In addition, the films with higher thickness 900 nm have absorption edges 
shifted to the low energy side, which indicates small band gap. The change in absorption edge can be attributed to 
the film thickness [16], this behavior indicates an increase in the disorder with decreasing thickness [17] and may 
be attributed to the introduction of some defects which create localized states in the band-gap and therefore 
increase the band-gap [17]. Similar results were also observed by other researchers [16, 17]. It is also known that 
the thickness becomes important in the thin films. The thickness of the film causes a shift in the optical absorption 
edge and therefore a change in the band structure of the films. It is found that the optical absorption edge varies 
with increasing film thickness. This suggests that the defects in thin films occur during the formation of the films. 
Thus, unsatured bonds can be produced as a result of an insufficient number of atoms [18]. These bonds are 
responsible for the formation of some defects in the films and these defects produce localized states in the films. 
The thicker film increases the width of localized states in the optical band gap, consequently, the optical absorption 
edge decreases with the reverse effect [16]. However, the reflection of the CuIn5S8 samples was in the range 20 to 
30 %, fig.5. 
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         Fig. 4. Optical transmission spectra of CuIn5S8 thin films                         Fig. 5. Optical reflection spectra of CuIn5S8 thin films 
3.2.2. Absorption coefficient 
To calculate the absorption coefficient Į (hȞ), the following relation was used [19,20]: 
Where d is the film thickness, R and T are the reflection and transmission coefficients respectively. Fig.6 shows 
the dependence of the absorption coefficients Į versus the photon energy hȞ of CuIn5S8 films after annealing at 250 
°C for different thickness. It can be seen from Fig.6 that the absorption coefficient decreases with increasing the 
film thickness and reaches the value 105 cm-1 in the visible region. This result is very important because we know 
that the spectral dependence of the absorption coefficient affects the solar conversion efficiency [21].  
3.2.3. Energy gaps 
To obtain detailed information about the energy band gap of the material, the absorption coefficient Į and 
photon energy for the annealed films in the sharp absorption region can be related by applying the following 
equation [22]: 
In this equation, A is a constant that depends on the transition probability and h is the Planck constant. Fig. 7 
shows the plot of (ĮhȞ)2 vs the photon energy (hȞ). The values of band gap energy for all the CuIn5S8 thin films are 
obtained by extrapolating the linear regions of the (ĮhȞ)2 versus hȞ curve to the horizontal photon energy axis. It 
can be seen from fig.7 that there is a shift in the band gap energy towards lower energies with the increase in the 
films thickness. The values the optical band gap energy ‘Eg’ of CuIn5S8 thin films as a function of films thickness 
in Table. 1. It is found that the films with higher thickness have the smallest band gap Eg=1.66 eV. 
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     Fig. 6. Absorption coefficient spectra of CuIn5S8 thin films.                   Fig. 7. Plots of (ĮhȞ)2 vs hȞ of CuIn5S8 thin films. 
Table 1. Band gap energy of CuIn5S8 thin films with various thicknesses. 
Film thickness (nm) Band gap Eg (eV) 
137 1.76 
438 1.74 
598 1.68 
754 1.67 
872 1.66 
3.3. Electrical properties 
Fig.8 shows the electrical resistance R versus temperature T for the CuIn5S8 thin films with various thicknesses 
and annealed in air at 250° C was recorded during the heating and the cooling cycles. The type of conductivity of 
these films was determined by the hot probe method. It was found that initially the layers are highly compensated 
because of their relatively high resistivity (>20 Mȍ) and there was no specific type of conductivity that was 
observed. The study of the annealing at free air allowed the transformation of the highly compensated state layer in 
a semi-conductive state, which exhibited n-type conductivity for annealing temperature from 250 °C with low 
resistance values in the range 100 to 400 Kȍ, except the layer having the thickness (109 nm), the type of 
conductivity remains highly compensated. This conservation of the highly compensated is in agreement with the 
XRD spectra. 
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Fig. 8. Variation of electrical resistance vs temperature of CuIn5S8 thin films with various thicknesses during the heating and the cooling cycles. 
4. conclusion 
CuIn5S8 thin films with various thicknesses were grown by single source thermal evaporation method on glass 
substrates. The films are annealed in air atmosphere at temperature of 250°C for 2 hours. The thickness was varied 
from 100 to 900 nm. Structural properties using XRD analysis reveals that the crystallinity of CuIn5S8 increases by 
increasing the film thicknesses and only the CuIn5S8 phase is present. The FWHM decreases from 0.20° to 0.10° 
and grain size increases from 40 to nm with thickness increasing. The band gap energy ‘Eg’ of CuIn5S8 thin film 
are in the range 1.76-1.66 eV and decreases with increasing films thickness. All CuIn5S8 films grown with 
thickness more than 109 nm exhibit n-type conductivity. Thus, film thickness in CuIn5S8 plays very important role 
in band gap energy controlling and air annealing leads to n-type conductivity.  
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